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Introduction
The population increase of Bald Eagles (Haliaeetus leucocephalus) is often proclaimed a
triumph of the Endangered Species Act. Once common in the continental US, eagles were reduced
to about 400 nesting pairs in the early 1960's before increasing to over 4000 pairs by 1995. The
population increase largely was a result of measures that increased reproductive success but
protection of habitats used in the non-breeding and migratory periods were, and continue to be,
critically important.
The section of the Mississippi River bordering Illinois has long been known as an important
area for wintering and migrating bald eagles. Within Illinois, the Upper Mississippi Region
consistently has had the highest number of eagles in winter (Imler and Kalmbach 1955, Millsap
1986, Campbell 2002). Most of the eagles wintering in this area are thought to breed in the upper
Great Lakes region of the US and southern Canada (Havera and Kruse 1988). Eagles returned to
Illinois as breeding residents in the late 1970's and have increased to over 50 active nests by 2000.
Thus, the protection of wintering habitat, mostly within the National Wildlife Refuge system,
facilitated the establishment and increase of breeding populations of eagles.
Bald eagles were reclassified from endangered to threatened in 1995, and are also state-
listed as threatened in Illinois and endangered in Iowa. Current threats include human disturbance of
nest sites, habitat destruction, and lead poisoning. As demands for extractive and recreational uses
of public lands increase, the needs of the species for which the refuge system was created must
remain a key component of refuge management plans. In particular, habitat for wintering and
migrating bald eagles should remain a priority.
The Bald Eagle recovery plan called for winter surveys in areas regularly used by eagles to
help guide site-specific management plans. We conducted winter eagle surveys at the former
Savanna Army Depot (proposed Lost Mound National Wildlife Refuge) in winters of 2000-01 and
2001-02. The objectives were to 1) identify which areas were the most important for eagles from
December to April, 2) examine seasonal trends in the numbers of different age classes of eagles,
and 3) compare our data with previous surveys in the same area.
Study site
The Savanna Army Depot is a 13,062-acre site along the Mississippi River in Carroll and
JoDaviess counties, Illinois (Figure 1). Approximately 9500 acres will be jointly managed by
USFWS and IDNR as Lost Mound National Wildlife Refuge. The future refuge includes about
5500 acres of the Mississippi River floodplain directly south of Lock & Dam #12. This area is
comprised of floodplain forest dominated by silver maple (Acer saccarhinum) and cottonwood
(Populus deltoides), wetlands, and backwater sloughs. The uplands consist of the largest sand
prairie in Illinois (and in FWS region 3) with pockets of black oak (Quercus velutina) sand savanna
(Figure 1). These plant communities are described in more detail by Roberston et al. (1997). The
local Bald Eagle breeding population includes 3-4 pairs at Lost Mound and several other pairs in the
Savanna district of UMNWR.
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Methods
Counts were conducted at approximately two-week intervals from late November through
April when weather and road conditions allowed access. The primary survey route was along River
Road, which parallels the edge of the floodplain for 12 miles (Figure 1). The return route passed
"Primm's" Pond, the only sizable non-river wetland at Lost Mound. Survey points were located
approximately 1 mile apart where a suitable counting location was accessible (Figures 2-5). Some
areas where the road was close to the water (points 2, 10-13, 15, and 16) were counted from
vehicles. Points 1, 3-5 were surveyed from a single observation point. Points 6-9 and 14 were
surveyed from vehicles and observation points outside vehicles. Similar surveys using many of the
same points (in particular, points 5, 6, 8, 9, and 14) are available for comparison with our data
(Southern 1963, Southern 1964, Ingram et al. 1981).
Our intent was to estimate the total number of eagles along this 12-mile transect. Thus, we
stayed at each survey point long enough to count all eagles with as little disturbance as possible to
avoid double counting. The field of view and therefore the area surveyed differed at each point
(Figures 2-5). We estimated the area of open water/ice and the total length of linear shoreline within
each point (Table 1). Typically the river is frozen over from mid-December to late February
although certain patches remain open throughout the winter. During the surveys we noted the
presence/absence of open water when most of the river was frozen (Table 1).
We attempted to assign all eagles to one of the age categories in Clark and Wheeler (1987).
Birds in their first year have a dark head and upper breast contrasting with light brown or tawny
belly. Individuals 2-3 years old have white on the head with a broad buffy or brown line
(superciliary) behind the eye, white belly with dark streaks, white with brown streaks on the upper
back, and some white at the base of the tail feathers. Eagles approximately 4 years old begin to look
like adult eagles (brown body with white head and tail) but retain the brown superciliary and dark
band at the end of the tail. These age categories are approximate and are referred to hereafter as
tawny belly, white belly, and subadult respectively. These three groups are referred to collectively
as "immature." In some cases an individual could not be aged (hereafter "unaged") either because
of poor viewing conditions or more rarely because too many birds were seen in flight at one time. In
the latter case we emphasized counting rather than assigning age categories. In the former cases,
most unaged birds are probably immature.
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Table 1. Names and characteristics of the survey locations.
The amounts of linear shoreline and area of water (or ice) were estimated from topographic maps.
The third column lists the ratio of shoreline to water area, in which higher numbers represent areas
with relatively less open water and more shoreline. The last column lists the presence/absence of
patches of open water that remain open when most of the river is frozen. The bottom rows list the
average amounts of shoreline and open water along with the standard deviations.
Site Shoreline Ice or water Ratio Open water
(km) (ha) Present?
1. Apple River 1.37 20.90 0.07 Yes
2. CN-area 2.48 18.58 0.13 Yes
3. J-area 0.69 2.60 0.26 Yes
4. Maquoketa 2.71 73.20 0.04 Yes
5. Canoe launch 2.21 39.39 0.06 No
6. River mile 550 5.18 121.89 0.04 Yes
7. S. Crooked Slough 2.67 22.07 0.12 No
8. Boat ramp 2.29 18.58 0.12 No
9. OBG road 3.12 10.74 0.29 Yes
10. C-area 2.29 4.36 0.52 No
11. Burr oak area 2.13 40.65 0.05 No
12. F-1401 1.52 28.89 0.05 No
13. East dam 12 2.63 15.31 0.17 No
14. West dam 12 2.82 162.77 0.02 Yes
15. Beatty House 1.91 10.89 0.17 No
16. Stewardship Park 2.13 13.94 0.15 No
total 38.13 604.76 7 of 16
average 2.38 37.80 0.14
standard deviation 0.96 44.86 0.13
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Results
We conducted 12 surveys in 2000-01 and 16 in 2001-02. Eagles were seen on all survey
dates and indeed are present in all months. Numbers of eagles varied greatly among survey dates,
among the survey points, and between the two years. Totals for particular survey dates ranged from
6 to 584 birds (Table 2). More immatures (as a percentage of the survey total) were observed in
2001-02 (39.5% ± 7.8%) than in 2000-01 (34.9% ± 4.6%) but the difference was not statistically
significant (t-test: t = -1.71, P = 0.09).
Eagle numbers fluctuated throughout the winter. The general pattern was fewer eagles
during the coldest part of the winter and the highest numbers during the northward movement in
late February to mid-March (Figure 6). Fewer eagles were observed during the colder winter of
2000-01 than the mild winter of 2001-02 and the peak in northward movement was later in 2000-01
than in 2001-02. These general patterns were followed by all age classes (Fig 6 and 7) but
proportionately more immature eagles were observed during late spring surveys in both years
(Figure 8). The numbers of eagles in each age class were not correlated with temperature or wind
speed of each survey date, but the proportion of immatures was positively correlated with
temperature (Table 3A).
Eagles were observed at all survey points at least once but were never observed at all 16 of
the points on one survey date (Table 4). On average, eagles were seen at more points on a given
date in 2001-02 (11 ± 2.3) than in 2000-01 (8.7 ± 2.9; t-test P = 0.019). Not surprisingly, the
number of points with eagles was positively correlated with the total number of eagles on that
survey date (Pearson correlation = 0.559, P = 0.002). In 2000-01, eagles were observed during 11 of
12 surveys at points 4 (Maquoketa River overlook) and 6 (river mile 550, south of Crooked
Slough). In 2001-02, eagles were observed on all 16 surveys at points 4, 6, and 8 (OBG tube).
The importance of the survey points (calculated as the proportion of the survey total at a
given point) differed seasonally and between the two years (Table 4). During the coldest periods
eagles were found mostly at points with persistent open water or more sheltered locations. During
the peak of northward movement points 8 and 9 were consistently the most important. In 2000-01
sites 4 and 6 had the highest average importance followed by points 3, 8, and 13. In 2001-02 sites 9
and 6 were most important on average, followed by points 8 and 5. Note that the most important site
in 2001-02 (point 9) was not among the most important sites in 2000-01. In both years points 15 and
16 were relatively unimportant. Sites 1, 3-6, 8-10, 12-14 each had the highest number of eagles on
at least one survey date. The remaining sites (2, 7, 11) consistently had eagles but never had the
highest abundance on a given survey.
Neither the number of eagles nor the importance values were correlated with the area of
water (or ice) or the ratio of linear shoreline to water area in either year (Table 3B). Both the
number of eagles and the importance values were positively correlated with the length of shoreline
in 2001-02. This result is due to points 6 and 9, which had the most shoreline and consistently had
the most eagles and highest importance in 2001-02. The number of eagles at point 14 (Lock and
Dam 12) was not correlated with the number of boats present (Pearson correlation = 0.385, P =
0.394).
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Table 2. Survey dates and numbers of eagles in each age class.
Date Tawny Belly White Belly Subadult Adult unaged Total
12/7/2000 1 1 3 10 0 15
12/19/2000 0 0 0 4 2 6
1/12/2001 1 2 18 45 2 68
1/26/2001 0 11 20 63 7 101
2/7/2001 5 8 11 49 4 77
2/22/2001 1 12 2 25 5 45
3/7/2001 1 13 4 56 7 81
3/14/2001 4 34 15 128 1 182
3/22/2001 8 28 24 53 2 115
4/3/2001 2 11 0 3 0 16
4/13/2001 0 4 1 2 0 7
4/30/2001 2 7 0 5 0 14
11/14/2001 3 2 4 21 1 31
11/28/2001 2 4 5 17 3 31
12/13/2001 5 13 10 33 7 68
12/18/2001 7 24 14 62 18 125
1/8/2002 5 4 0 36 7 52
1/11/2002 1 6 4 28 5 44
1/22/2002 11 21 10 80 9 131
2/6/2002 19 32 7 98 10 166
2/21/2002 24 82 10 298 159 573
3/1/2002 25 56 11 374 118 584
3/7/2002 25 53 15 217 25 335
3/15/2002 4 26 35 216 9 290
3/21/2002 8 44 9 129 14 204
3/29/2002 11 43 31 106 5 196
4/5/2002 5 20 10 29 6 70
4/15/2002 2 7 4 2 1 16
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Table 3. Results of Pearson correlation analyses
A. Pearson correlation coefficients of the number of each age class and weather characteristics. P-
values > 0.05 are considered not significant (i.e. the weather condition is not related to the number
of birds). In all cases the number of eagles is not significantly correlated with the temperature or
wind speed. The last row lists proportion of the total number of eagles that were immature. In this
case the proportion of immatures is positively correlated with temperature.
Age class Temperature P-value Wind speed P-value
Tawny Belly -0.073 0.719 -0.016 0.937
White Belly -0.076 0.706 0.065 0.747
Subadult -0.002 0.993 0.007 0.973
Adult -0.157 0.436 0.325 0.260
Total -0.137 0.497 0.238 0.430
Prop. Immatures 0.564 0.002 -0.199 0.319
B. Correlation coefficients between site characteristics (as in Table 1) and average importance
values and average numbers of eagles at each survey point in each year.
Value Shoreline P-value Water P-value Ratio P-value
Importance 2000-01 0.294 0.268 0.299 0.261 0.025 0.928
Importance 2001-02 0.664 0.005 0.253 0.345 0.007 0.980
Total 2000-01 0.330 0.211 0.288 0.279 0.109 0.687
Total 2001-02 0.574 0.020 0.110 0.685 0.154 0.569
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Table 4. Importance values for the survey points (numbered as in Table 1). Importance is calculated
as the proportion of the total number of eagles on a survey date seen at each location. For example
on Dec 7, 2000, 7% of the eagles seen that day were at survey point 3. For each date the highest
value is highlighted. This table does not include eagles seen outside the standard survey points, so
some dates do not add up to 100%. Values of 0 omitted for clarity; - indicates no data. The average,
standard deviation, and coefficient of variation (SD/AVG) are listed in the bottom rows. The CV
indicates the amount of variation relative to the average for each survey point. Values > 1.0
indicates sites for which the importance values are highly variable. Values < 1.0 indicate sites with
more consistent importance values. The most important points, in terms of the highest average
importance and lowest CV, are highlighted.
A. 2000-2001 Surveys
Date 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
12/7/00 . . 0.07 0.07 0.20 0.27 . .. . . 0.20 0.07 .
12/19/00 . . 0.50 0.17 . 0.17 . . . . 0.17 .
1/12/01 . . 0.09 0.07 0.03 0.12 . 0.01 0.10 0.41 .
1/26/01 . 0.06 0.34 0.18 0.11 0.11 . 0.01 0.02 0.08 0.07 .
2/7/01 . 0.06 0.12 0.25 0.03 0.08 0.03 0.01 0.05 0.27 0.05 . 0.03 -
2/22/01 . . 0.20 0.31 0.07 0.07 . . . 0.02 . . . 0.04 . 0.09
3/7/01 0.02 0.06 . 0.30 0.11 0.15 0.01 0.07 0.05 0.07 0.01 . . 0.11
3/14/01 0.06 0.05 0.02 0.14 0.12 0.14 0.04 0.21 0.12 0.03 . . 0.01 0.07
3/22/01 0.01 0.03 0.01 0.12 0.05 0.03 0.17 0.28 0.11 0.03 0.01 0.01 0.06 0.08
4/3/01 0.13 . . 0.06 0.06 0.06 0.13 0.19 . . . . 0.31 0.06
4/13/01 . 0.14 . . 0.14 . 0.14 0.14 . . 0.14 . 0.14 -
4/30/01 0.07 . 0.07 0.07 . 0.14 0.14 0.14 . . 0.07 0.07 0.21 -
AVG 0.02 0.03 0.12 0.14 0.08 0.11 0.05 0.09 0.04 0.08 0.04 0.01 0.09 0.06 0.00 0.01
SD 0.04 0.04 0.16 0.10 0.06 0.07 0.07 0.10 0.05 0.13 0.06 0.02 0.12 0.03 0.00 0.00
CV 1.67 1.27 1.33 0.68 0.80 0.64 1.25 1.11 1.27 1.72 1.35 3.08 1.23 0.55 0.00 0.00
B. 2001-2002 Surveys
Date 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
11/14/01 - 0.03 . 0.16 0.23 0.23 . 0.16 0.10 . . . . 0.10 .
11/28/01 - . . 0.06 0.06 0.35 0.10 0.10 0.06 0.06 0.16 . . 0.03
12/13/01 - 0.03 0.03 0.01 0.09 0.10 0.09 0.09 0.10 0.07 . . 0.01 0.29
12/18/01 - 0.03 . 0.03 0.14 0.19 0.03 0.21 0.19 . 0.02 . 0.01 0.04 0.02
1/8/02 . 0.02 0.06 0.04 0.23 0.38 . 0.04 0.06 . . 0.02 . 0.06
1/11/02 0.23 0.05 0.02 0.07 0.16 0.16 . 0.07 0.02 . 0.07 0.05 . 0.02
1/22/02 0.05 0.02 0.02 0.16 0.05 0.15 0.05 0.08 0.21 0.13 . . 0.01 0.02
2/6/02 0.04 0.07 0.04 0.11 0.23 0.09 0.01 - 0.40 0.02 . . _
2/21/02 . 0.01 0.01 0.01 0.03 0.12 0.12 0.08 0.48 0.02 . . 0.05 0.08
3/1/02 0.02 0.05 0.01 0.11 0.08 0.16 0.08 0.14 0.17 0.03 . . 0.08 0.05 0.02
3/7/02 . 0.04 0.02 0.11 0.05 0.18 0.02 0.10 0.41 0.04 0.01 0.01 - 0.02
3/15/02 0.01 0.01 0.01 0.02 0.01 0.11 0.03 0.29 0.21 0.12 0.07 . 0.03 0.06 0.01
3/21/02 . 0.01 0.01 0.02 0.02 0.10 0.07 0.02 0.31 0.07 0.12 0.05 0.14 0.01 . 0.03
3/29/02 0.02 0.01 0.01 0.02 0.03 0.10 0.09 0.29 0.31 0.06 0.01 . 0.02 0.02 0.01
4/5/02 0.03 0.01 . 0.04 0.06 0.17 0.01 0.26 0.27 0.07 0.03 . 0.01 0.01 .
4/15/02 . . . 0.06 . 0.06 0.06 . 0.06 . 0.19 0.31 0.25 .
AVG 0.03 0.02 0.01 0.07 0.09 0.17 0.05 0.13 0.21 0.04 0.04 0.03 0.04 0.05 0.00 0.00
SD 0.06 0.02 0.02 0.05 0.08 0.09 0.04 0.09 0.14 0.04 0.06 0.08 0.07 0.07 0.01 0.00
CV 1.95 0.75 1.13 0.78 0.87 0.55 0.82 0.74 0.67 0.99 1.48 2.88 1.63 1.33 2.04 0.00
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Discussion
Important areas. Fluctuations from one survey to the next probably indicate frequent movement by
many individuals. The lack of significant correlations between temperature or wind speed and the
number of eagles suggests eagle movements are in response to other variables. Food availability
probably is the most important factor. Supporting this idea is the difference between the two winters
in where eagles were most frequently observed. In the colder periods, and during the colder winter
of 2000-01, eagles were more frequently encountered in areas with open water where fish would be
accessible. In particular, point 3, a site with a spring and open water year-round as well as trees for
shelter and roosting, was an important site in the colder winter of 2000-01 but one of the least
important sites in 2001-02.
The frequent movements and annual variation make it difficult to specify which areas are
most important for wintering eagles. It could be that sites such as point 3 which are regularly used
but only rarely the most important site are the critical sites under the most adverse conditions. On
the other hand, sites that are regularly used every year, such as points 4, 6, and 8, are clearly
important in terms of general use. Another difficulty in specifying important areas is that the
distinction between the points is somewhat arbitrary. In particular, points 4 and 5 are essentially part
of the same eagle use area but were divided for convenience of counting. Similarly, points 8 and 9
are directly adjacent and difficult to distinguish.
Overall, however, the area including points 1 through 10 appears to be the most important
area for eagles at Lost Mound. Lock and Dam 12 (points 13 and 14) is of secondary importance (but
our counts probably underestimate the number of eagles at point 14 because much of the area is not
visible from the Illinois side). The most important areas for eagles are also in the most demand for
recreational uses. Our observations suggest that wintering eagles can coexist with the relatively low
levels of disturbance they currently experience. In the very coldest weather when few other foraging
opportunities for eagles are available, few people are likely to be fishing below the dam. The same
reasoning applies to other openings in the ice that are wisely avoided (or should be) by ice
fishermen and other winter outdoor enthusiasts. Thus, the main conflicts between eagles and people
in the winter will likely be in roosting areas away from openings in the ice, and during the
migratory periods. An additional complication is that the resident eagles begin breeding during the
main northward movement of eagles (Feb-March). Areas with important winter congregations and
breeding residents should receive special attention in refuge management plans. Off-road vehicles
such as snowmobiles, ATVs, and jet skis should not be permitted on refuge lands and should be
discouraged in any eagle nesting or roosting area.
Immature Eagles. During our surveys 30-40% of the eagles observed were immatures except during
late spring when as many as 80% of the individuals were immatures. These values are within the
ranges of immatures reported in other Midwinter eagle counts (Millsap 1986, Havera and Kruse
1988). The significant positive correlation between temperature and the proportion of the survey
total that were immatures is mainly a result of young birds staying longer in the spring after most
adults have left the area for breeding sites farther north (Figure 8). In addition, resident adults with
active nests may be less likely to be observed during the incubation phase (late March-April).
If a typical eagle lifespan is 25 years (Cain 1986), and it takes 5 years to reach adulthood
then we would expect 20% of eagles in a given sample to be 1-5 years old. A lower percentage of
immatures would be expected if the younger age classes have higher mortality as is typical of most
organisms. The higher percentage of immatures in our surveys suggests that this area is relatively
more important for immatures than for adults. In addition, the relatively high percentage of
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immature eagles in late spring (and occasionally sighted throughout the summer) may facilitate the
expansion of the local breeding population if sufficient food and lack of disturbance are available.
Comparison with Previous Surveys. Surveys were conducted along the same route in the winters of
1961-62 (Southern 1963), 1962-63 (Southern 1964), and 1980-81 (Ingram et al. 1981). These
surveys found similar seasonal trends as in our surveys: relatively low numbers early in winter and
with high counts in late winter or early spring. The highest counts were 268 on 2/2/62 and 225 on
2/5/63. A peak is less obvious in the 1980-81 data but 87 eagles were observed on 1/23/81, 62 on
2/9/81, and 60 on 2/28/81. Both the 1961-62 and 1980-81 surveys are characterized by great daily
variation in eagle numbers, illustrating the danger of extrapolating population trends from annual
one-day counts.
The striking contrast between these surveys and ours is the number of immature eagles.
Southern never observed more than 10 immature eagles during the 1961-62 and rarely more than 10
during 1962-63 surveys. Ingram et al. typically observed 10-20 immatures in 1980-81 and had more
than 20 on 7 of 36 survey dates. We observed more than 20 immatures on 5 of 12 surveys in 2000-
01 and on 11 of 16 surveys in 2001-02. We observed over 50 immatures on 9 of 28 surveys. These
numbers suggest a substantial increase in the numbers of immatures since the early 1960's.
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